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[57] ABSTRACT 
A BIMOS memory sense ampli?er is provided having 
the low power dissipation and high noise immunity of 
CMOS devices while maintaining the high drive capa 
bility and switching speed associated with bipolar de 
vices. A pair of differentially connected NPN transis 
tors are coupled for receiving a ?rst and a second bit 
current from the bit lines of a memory circuit. A MOS 
transistor circuit is coupled to the NPN transistors and 
is responsive to a differential output therefrom, for buff 
ering two NPN push-pull output transistors. 

3 Claims, 1 Drawing Figure 
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BIMOS MEMORY SENSE AMPLIFIER 

FIELD OF THE INVENTION 

This invention relates in general to semiconductor 
integrated circuit differential circuits and, more particu 
larly, to a BIMOS memory sense ampli?er having the 
low power dissipation and high noise immunity of 
CMOS devices while maintaining the high drive capa 
bility and switching speed associated with bipolar de 
vices. ' 

BACKGROUND OF THE INVENTION 

Memory cells are circuits wherein information may 
be stored in a low current stand-by mode and may be 
written or read in a higher current mode. A predeter 
mined number of cells are located in a row between 
each of a plurality of upper and lower word lines and 
another predetermined number of cells are located in a 
column between a plurality of bit lines. In other words, 
each cell is uniquely coupled between a combination of 
word lines and bit lines. 
A row of cells is selected when increased voltage is 

supplied to the upper word line. A particular cell in that 
row is read by a sense ampli?er coupled to the bit lines. 
A ?rst read current through one bit line ?ows directly 
to the sense ampli?er. A second read current through 
the other bit line ?ows through one side of the memory 
cell to the upper word line. When a cell is written, the 
?rst read current is directed through the cell and the 
second read current is directed to the sense ampli?er. 
The sense ampli?er typically comprises a pair of 

differentially connected transistors responsive to the 
voltage on the bit lines and having a current carrying 
electrode of each transistor coupled in some manner to 
an output. Conventional memory sense ampli?ers were 
entirely bipolar or MOS‘ (metal-oxide-semiconductor) 
circuits that provided the relative merits of each. Bipo 
lar sense ampli?ers provide fast gate speeds, narrow 
transition widths and reduced delay per unit load. 
CMOS sense ampli?ers provide high noise immunity, 
high input impedance, low power requirements, but a 
wider transition width. However, a large CMOS struc 
ture is required when driving large capacitive loads and 
in most cases, several stages of scaled CMOS inverters 
are necessary in order to minimize the total delay. For 
BIMOS memories having a large number of devices, it 
is desirable that each MOS device be of small size. As 
the size of a MOS device is reduced, the transconduct 
ance of the device and consequently the ability to drive 
a heavy capacitive load is also reduced. Bipoler devices 
continue to be used for driving these capacitive loads 
due to their high current gain. In quiesent periods, the 
bipolar push-pull transistors do not dissipate power. 
During transient periods, the bipolar current gain al 
lows faster charging and discharging of capactive loads. 
This results in a signi?cant decrease in metal and fanout 
delays. ' 

Attempts to combine bipolar and MOS technology to 
achieve all of these results have been numerous in re 
cent years. Furthermore, smaller CMOS devices may 
be used in the BIMOS circuit than those required in an 
all-CMOS device circuit. 
One previously known memory sense ampli?er com 

bining bipolar and MOS technologies was disclosed in 
“A High-Speed 64K CMOS RAM with Bipolar Sense 
Ampli?ers”, IEEE JOURNAL OR SOLID-STATE 
CIRCUITS, Vol. SC-l9, No. 5, October 1984, page 
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559, FIG. 5(c). A ?rst pair of differentially connected 
bipolar transistors have their bases coupled for receiv 
ing current from the bit lines of a memory circuit. The 
emitters of the ?rst pair of differentially connected 
bipolar transistors have their emitters connected to the 
bases of a second pair of differentially connected bipo 
lar transistors. The collectors of the second pair of dif 
ferentially connected bipolar transistors are connected 
to the gates of a pair of differentially connected MOS 
transistors having current supplied thereto by a MOS 
current mirror. The drain of one of the differentially 
connected MOS transistors is connected to an output 
ampli?er. 
However, this circuit suffers from long delays and the 

need for two CMOS stages to obtain adequate output 
drive. 

Thus, what is needed is a BIMOS memory sense 
ampli?er having the low power dissipation and high 
noise immunity of CMOS devices while maintaining the 
high drive capability and switching speed associated 
with bipolar devices. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide an improved BIMOS memory sense ampli 
?er. 
Another object of the present invention to provide an 

inproved BIMOS memory sense ampli?er having low 
power requirements. ' 

Still another object of the present invention is to 
provide an improved BIMOS memory sense ampli?er 
having high drive capability. 
Yet another object of the present invention to pro 

vide an improved BIMOS memory sense ampli?er hav 
ing improved output signal switching characteristics. 
A further object of the present invention to provide 

an improved BIMOS memory sense ampli?er having 
high noise immunity. 

In carrying out the above and other objects of the 
invention in one form, there is provided a BIMOS mem 
ory sense ampli?er having a pair of diffrentially con 
nected NPN transistors coupled for receiving a ?rst and 
a second bit current from the bit lines of a memory 
circuit. A MOS transistor circuit is coupled to the NPN 
transistors and is responsive to a differential output 
therefrom, for buffering two NPN push-pull output 
transistors. 
The above and other objects, features, and advan 

tages of the present invention will be better understood 
from the following detailed description taken in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

The single FIGURE is a schematic of the preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to the single FIGURE, a circuit in accor 
dance with the present invention is shown which is 
suitable to be fabricated in monolithic integrated circuit 
form. Differentially connected NPN transistors 1 and 2 
have their bases coupled for receiving current I1 and 1;, 
respectively, their emitters coupled to supply voltage 
terminal 3 by current source 4, and their collectors 
coupled to supply voltage terminal 5 by resistors 6 and 
7, respectively. Currents I1 and I; may be supplied by 
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any type of circuit; however, the circuit described 
herein is suited well as a memory sense ampli?er of a 
memory circuit, wherein I) and I; would be currents 
from the bit lines of a column of memory cells. 
The collectors of differentially connected NPN tran 

sistors 1 and 2 are connected to the gates of P-channel 
MOS transistors 8 and 9, respectively. Transistor 8 has 
its source and drain connected, respectively, to supply 
voltage terminal 5 and node 10. Transistor 9 has its 
source and drain connected, respectively, to supply 
voltage terminal 5 and node 11. N-channel MOS transis 
tor 12 has its drain connected to node 10, its source 
connected to supply voltage terminal 3, and its gate 
connected to node 11. N~channel MOS transistor has its 
drain connected to node 11, its source connected to 
supply voltage terminal 3, and its gate connected to 
node 11. Transistors 8, 9, 12 and 13 serve as a current 
mirror for supplying substantially equal current to 
nodes 10 and 11. 
NPN transistors 14 and 15 comprise a pair of push 

pull output transistors. Transistor 14 has its collector 
and emitter connected, respectively, to supply voltage 
terminal 5 and output terminal 16. Transistor 15 has its 
collector and emitter connected, respectively, to output 
terminal 16 and supply voltage terminal 3. 

P-channel MOS transistor 17 has its source and drain 
connected, respectively, to output terminal 16 and the 
base of transistor 15. N-channel MOS transistor 18 has 
its drain and source connected, respectively, to the base 
of transistor 15 and supply voltage terminal 3. The gates 
of transistors 17 and 18 and the base of transistor 14 are 
connected to node 10. 
A digital high signal applied as current I1 and a digital 

low signal applied as current 1; cause a digital low and 
high signals to be applied to the gates of transistors 8 
and 9, respectively. Transistor 8 will be rendered con 
ductive, causing transistors 14 and 18 to be rendered 
conductive. Output terminal 16 will assume the voltage 
level of supply voltage terminal 5 minus the base-emit 
ter voltage of transistor 14. Transistor 18 increases the 
speed at which transistor 15 turns off by draining cur 
rent from its base. 
A digital low signal applied as current I; and a digital 

high signal applied as current I; cause a digital high and 
low signals to be applied to the gates of transistors 8 and 
9, respectively. Transistor 8 will be rendered non-con 
ductive, causing transistors 17 and 15 to be rendered 
conductive. Output terminal 16 will assume the voltage 
level of supply voltage terminal 3 plus the base-emitter 
voltage of transistor 15. 
Although the circuit described herein illustrate NPN 

transistors, P-channel and N-channel MOS transistors, 
various combinations of PNP transistors and MOS tran 
sistors may be used in a manner known to those skilled 
in the art in order to accomplish the teachings of this 
invention. Furthermore, although only one logic gate 
comprising transistors, 8, 12, 14, 15, 17 and 18 has been 
described, various other forms of a BIMOS logic gate 
could substituted therefor while accomplishing the ad 
vantages described herein. 
By now it should be appreciated that there has been 

provided a BIMOS memory sense ampli?er having a 
low power dissipation and high noise immunity of 
CMOS devices while maintaining the high drive capa 
bility and switching speed associated with bipolar de 
vices. 

I claim: 
1. A circuit comprising: 
a ?rst supply voltage terminal; 
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4 
a second supply voltage terminal; 
?rst and second input terminals; 
an output terminal; 
a ?rst bipolar transistor coupled between said ?rst 

supply voltage terminal and said output terminal; 
a second bipolar transistor coupled between said out 

put terminal and said second supply voltage termi 
nal; 

a pair of differentially connected bipolar transistors 
coupled between said ?rst and second supply volt 
age terminals and having their bases coupled to 
said ?rst and second input terminals for receiving a 
?rst and a second input signal, respectively, and 
having their collectors coupled for providing a ?rst 
and a second output, respectively; 

?rst means coupled between said ?rst and second 
supply voltage terminals and coupled to said pair of 
differentially connected transistors and said ?rst 
bipolar transistor for providing a voltage for bias 
ing said ?rst bipolar transistor, said ?rst means 
providing a high impedance to said pair of differen 
tially connected transistors, said ?rst means com 
prising: 
a ?rst P-channel MOS transistor having a source 

coupled to said ?rst supply voltage terminal, a 
gate coupled to a collector of one of said pair of 
differentially connected transistors, and a drain 
coupled to the base of said ?rst bipolar transistor; 

a second P-channel MOS transistor having a 
source coupled to said ?rst supply voltage termi 
nal and a gate coupled to a collector of the other 
of said pair of differentially connected transis 
tors; 

a ?rst N-channel MOS transistor having a drain 
coupled to said base of said ?rst bipolar transis 
tor and a source coupled to said second supply 
voltage terminal; and 

a second N-channel MOS transistor having a drain 
and a gate coupled to a gate of said ?rst N-chan 
nel transistor and to a drain of said second P 
channel MOS transistor and a source coupled to 
said second supply voltage terminal; and 

second means coupled between said output terminal 
and said second supply voltage terminal and cou 
pled to said ?rst means and said second bipolar 
transistor for biasing said second bipolar transistor. 

2. The circuit according to claim 1 wherein said sec 
ond means comprises: 

a third P-channel MOS transistor having a source 
coupled to said output terminal, a drain coupled to 
a base of said second bipolar transistor, and a gate 
coupled to said base of said ?rst bipolar transistor; 
and 

a third N-channel MOS transistor having a drain 
coupled to the base of said second bipolar transis 
tor, a source coupled to said second supply voltage 
terminal, and a gate coupled to said base of said 
?rst bipolar transistor. 

3. The circuit according to claim 1 wherein said sec 
ond means comprises: 

a third P-channel MOS transistor having a source 
coupled to said output terminal, a drain coupled to 
a base of said second bipolar transistor, and a gate 
coupled to said base of said ?rst bipolar transistor; 
and 

third means coupled between ‘said base of said second 
bipolar transistor and said second supply voltage 
terminal for sinking current from said base of said 
second bipolar transistor. 
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